Abstract. In urban areas, water supply using pipeline system from the company of water supply; the name is PDAM (Perusahaan Daerah Air Minum) which provides services to the public to ensure clean water quality as health requirements. The one of a problem in PDAM is the high rate of water loss caused by pipeline leakage. Pipeline leakage is an important issue as resulting in financial losses, for both PDAM (water provider) and customers. Based on a previous study of, the area that allows the greatest pipe leakage such as Geledug-Leuwiliang and Cibungbulang-Ciampea, the reason is a complex volcanic rocks formation. Then this study has to continue by forecasting water loss per month up to 2017 to look at the frequency of water loss for immediate repair in handling pipeline leakage. Predicting to be done using ANFIS method and then it will test again with Backpropagation to check the error rate so that the data will be more accurate; where is the area in this study is Geledug-Leuwiliang (greatest pipeline leakage). The result is most likely due to visible leaks such as crack pipe caused by complex volcanic rocks formation (31.8% with error rate 1%). Therefore the effort made is to replace the leaky pipes which then do further study on the material used by the tube that is following the pipe area that planted.
Introduction
Clean water availability is very needed for human because it used for daily life. It also has the critical role in improving the environmental health of society such as reducing the number of diseases and improving quality of community's life. Until now, the provision of clean water for Indonesia's population still confront several problems which are complex and have not adequately addressed. One of the problems is the low service for community's clean water.
Therefore, handling to meet the needs of clean water can be done in various ways which adapted to existing facilities and infrastructure. In urban areas, water supply using pipeline system from the company of water supply; the name is PDAM (Perusahaan Daerah Air Minum) [1] . PDAM provides services to the public to ensure clean water quality as health requirements [2] .
Despite increasing water demand in each year as along with growing population, water distribution company has to confront the problem of maintaining and improving water supply network [3] . Issues to be solved by PDAM in Indonesia (one of them is PDAM Tirta Kahuripan District of Bogor) that is handling of high Non-Revenue Water [4] , [5] . Another problem is the high rate of water loss caused by pipeline leakage [6] . Pipeline leakage is an important issue as resulting in financial losses, for both PDAM (water provider) and customers.
Leaking pipes' capacity which is so far cannot deliver water, according to the number of customer needs. Therefore, overall improvement will continue to be improved. According to [3] , decrease water leak volumes have profit for reducing costly system expansion in hydraulic performance (e.g., supply network, treatment plants, etc.) [7] , [8] . Moreover, much time is needed to detect water leaks in the comprehensive water supply network, and copious amounts of water become waste.
Water loss can define as the difference between the amount of water recorded entering the system and the amount of water recorded out of the system. In a system of drinking water supply is not entirely water produced until the installation of the consumer, there is usually a leak here and there called water loss [9] . Before how to handling pipeline leakage, it needs to find how much more significant loss PDAM Tirta Kahuripan got because there are several methods possible for dealing water loss, therefore is necessary for a further study on water loss. Based on a previous study of [9] , the area that allows the greatest pipe leakage such as Geledug-Leuwiliang and CibungbulangCiampea, the reason is a complex volcanic rocks formation. Then this study has to continue by forecasting water loss per month up to 2017 to look at the frequency of water loss for immediate repair in handling pipeline leakage. Predicting to be done using ANFIS method (combination of MLPBPN and Sugeno fuzzy model [10] ) and then it will test again with Backpropagation to check the error rate so that the data will be more accurate; where is the area in this study is GeledugLeuwiliang (greatest pipeline leakage).
Methodology

Water Distribution Systems
The function Water Distribution Systems is to serve the community and helps the economy by streaming water from spring to consumers [11] . A water distribution system consists of three main components, i.e., the spring water, processing, and distribution network. The spring can be reservoirs, rivers, or groundwater wells [12] . Processing facilities can be water disinfection, standard drinking water, and water quality which they are before being distributed to consumers. The distribution network is responsible for providing water from the spring water or processing facility to the consumer at sufficient pressure and consisting mainly of pipes, pumps, nodes (intersections), valves, fittings, and storage tanks.
The water distribution system is a complex infrastructure [13] . The infrastructure modeling involves many parameters, such as diameter, length and coefficient of pipe's roughness, nodal demands, water levels in reservoirs and pump head-discharge characteristics, different valve performance characteristics and minor elements.
Water Loss
Another term for water loss is the Non-Revenue Water. Water loss is the difference in the amount of water produced by the water producer and the amount of water sold to the consumer following recorded in the customer's water meters. [3] , [14] . The water loss rate is the percentage comparison between the water loss and the amount of water supplied to the piped water network. Water losses can happen because of real incidents such as pipeline leaks caused by bursts in water distribution systems and water-related commercial damages resulting from illegal connections, improper public uses and metered faults. [3] .
Based on the international understanding [15] , [16] , There are two types of water loss, i.e., water loss in the distribution system, including leakage of pipes, fittings, tank leaks and abundant water reservoir out of the lake, and low open-drain or blow-off system. This loss is called real losses or called technical failure. The mechanical damage as the physical loss of water from a pressurized system, up to the customer's water meter point. Annual loss volume based on all leakage, crack pipe, discharge, and average individual leakage rates. Second, non-physical losses, which result in loss of acceptance of water management, including inaccurate meters to illegal and illegal water use, the loss of which is called apparent damage of commercial water. Loss of industrial water as a calculation for all types of inaccuracies including production water meter and customer water meter, plus illegal consumption.
Water loss is the difference between the volume of water entered into the water distribution system and the amount that billed to the customer [11] , [15] . Water loss consists of three components. First, the physical damage includes of leakage from all parts of the distribution system and overflow in the utility storage tank. They caused by poor operation and maintenance, lack of active leakage control, and poor quality of underground assets. Secondly, monetary losses by a less customer registration meter, data handling errors, and theft of water in various forms; third, the uncollectible official consumption includes water used by utilities for operational purposes, water used for firefighting, and water supplied free of charge to particular consumer groups.
Method
The method used in forecasting water loss in Tirta Kahuripan PDAM District of Bogor is ANFIS of FIS model Takagi-Sugeno orde-1 [10] , [17] and implemented using Matlab programming language, as follows:
Fig. 1. Neural Network Training Process
The result of data forecasting of PDAM Tirta Kahuripan District of Bogor's water loss rate has described and explained descriptively. This process also used for the invention; inspection of conformity; and enhancement [17] . The assessment and drawing of the conclusions based on each step of the Adaptive Neuro-Fuzzy Inference System process. The determination is determined based on the result of forecasting using ANFIS method [17] . This steps can evaluate the training results, which one of the best training ANFIS based on the number of inputs, the number cluster, error and momentum, which results in the smallest SSE value.
Result and Discussion
Result
This study uses data from 2016 as the data learning shown in table 1, and data of the year 2017 as data testing shown in table 2. Based on the data used as the data learning above shows that during 2016 the leak rate is still high enough to fluctuate from January to December. There is a high leakage rate ranging from 30.3% to 33.8% with the highest leakage rate in September. It shows the importance of improvements to reduce the level of leakage of pipes that could disadvantage the PDAMs. Based on the data used in the above data testing shows that during 2017 the leak rate is still quite high, but on average slightly decreased compared to the year 2016 with fluctuating from January to December. There is a high leakage rate ranging from 29.3% to 33.4% with the highest leakage rate in June, shows the increasing importance of improvements to reduce the level of leakage of pipes that could disadvantage the PDAMs.
The data analysis used to forecast PDAM water leakage is to use neural network backpropagation. The process stages of neural network backpropagation [10] , [18] , [19] are as follows:
1. Determination of parameters used in the training process undertaken. In this study, the parameters used are: a. Epoch, The number of Epoch is a maximum limit of iterations in a training process been allowed. In this study Epoch used is 1000. b. The number of hidden layers, the hidden layer number is very influential on the training result. Hidden layer used in this research is 1000, and one hidden layer. c. Input, This study uses two data inputs, i.e., the number of month and amount of production. For the month, it is influential because it determines the season in Indonesia. Moreover, the amount of output also positively affects the number of water leaks PDAM. d. Output, the output of this process is the result of leak forecasting. e. Maximum Error, The maximum error is the maximum error allowed; this parameter used as the reference in the search for matching weights in the neural network. In this study, the maximum allowed a mistake in which 1x10-9 . 2. The training process includes searching for the hidden layer weights that required according to the maximum allowable error conditions. The iteration of this training process matches the number of Epochs previously entered. Training results will be stored and used as a reference in forecasting. 
Discussion
Here is the data for PDAM pipeline leakage forecasting results in 2017. This data obtained after testing by using the data leak learning results in 2016. Based on Table 3 shows the results of the calculation of forecasting error with neural network backpropagation can be seen to see how effective the forecasting process is, whether a forecast is worth choosing to be used as a forecasting indicator is eligible to be used for use or not.
The results of the forecast show very little error value. Below 1%. So this model can be used as a reference in forecasting Water Leaks at Tirta Kahuripan Bogor Regency. From the results of the forecasting, PDAM leakage in Tirta Kahuripan Bogor Regency is quite large. If it wants to avoid water losses, then PDAM waterworks must be repaired to reduce the amount of water leakage of PDAM Tirta Kahuripan Bogor Regency.
Pipe leakage itself causes a change of pressure on each junction node (intersection point) in the water pipe network. This pressure change pattern can be analyzed computationally to be able to detect the location and the leakage that occurs in pipelines. In this case, appropriate method of PDAM water pipe leakage forecasting required. One can use the PDAM water leakage of forecasting user interface. However, the use of PDAM water leakage of forecasting user interface has not been active enough, because there is still an error rate which tends to increase in the last few months in 2017.
Conclusion
ANFIS approach can be implemented in water leakage projection PDAM Tirta Kahuripan Bogor Regency. From the results of testing forecasting in 2017, the leakage in the PDAM is quite significant which is an average of 31.8%, then done to test the accuracy of data with Backpropagation where the error rate below 1%. Most likely due to visible leaks such as crack pipe caused by complex volcanic rocks formation. Therefore the effort made is to replace the leaky pipes which then do further study on the material used by the tube that is following the pipe area that planted.
Suggestion
It expected that PDAM management could use various methods to predict leaks that also occur to anticipate in reducing the level of leakage pipeline. It for anticipated that the PDAM management has a strategy in minimizing the occurrence of pipeline leakage.
